INTRODUCTION
Infertility, or the inability to conceive children after one year of unprotected intercourse, affects 10-15% of couples, who are trying to conceive (Rowe et al., 2000) . Infertility affects both men and women of reproductive age and male factor attributes to 50% of the infertility cases (Dohle et al., 2005) . Male infertility is rising at a faster rate keeping pace parallel to emerging new technologies. Rapid urbanization and industrialization has lead to drastic changes in the lifestyle of people. Among these factors, tobacco smoking is the most widespread hazardous lifestyle predominant in men of reproductive age (Trummer et al., 2002) . A large number of men have no apparent reason for their infertility and are habituated to smoking tobacco unaware of the fact that their reproductive potency is adversely affected (Oliva et al., 2001; Homan et al., 2007) . Several studies reported that smoking habit may be linked to the prevalence of male infertility worldwide (Ferreira et al., 2012; Arabi and Mosthanghi, 2005) . Tobacco is a green, leafy plant grown in tropical and sub-tropical countries. The dried ground leaves of this plant are either smoked in the form of cigar, cigarette, pipe or can be used in smokeless form by chewing gutka, khaini, zarda, etc., smoking being the most common type of tobacco use. Tobacco combustion yields about 4000 different compounds and out of these, more than 55 of them are known carcinogens and about 400 are toxic chemicals (Kumar et al., 2011 (Revel et al., 2001) . These metabolites bind with DNA forming a structure called Benzo[a]Pyrene-7,8-diol-9,10 epoxide (BPDE) which binds covalently with DNA forming BPDE-DNA adduct that has the capability to interfere with or alter DNA replication (Sipinen et al., 2010) . At concentration higher than 25µg/ml benzo[a]pyrene can induce premature capacitation and false acrosome reaction in sperm cells in vitro (Mukhapadhyay et al., 2009 ). In India, since last decade tobacco smoking in the form of cigarette has increased manifold. A survey conducted on the prevalence of tobacco smoking revealed substantial increase in the number of male smokers aged 15-69 years accounting to nearly 108 million in 2015 (Misra et al., 2016). In north eastern part of India including Assam, Ttbacco in both smoking and non-smoking form is widely prevalent among diverse ethnic tribes as well as other communities irrespective of age groups. Due to the increasing incidence of decline in male fertility and high prevalence of tobacco use among the youths, an effort has been made to investigate the effect of cigarette smoking on semen quality of infertile men in Barak Valley of Assam in India mainly belonging to two groups -cigarette smokers and non-smokers.
MATERIALS AND METHODS

Study Group
The study was carried out at Assam University, Silchar. A total of 376 men of reproductive age attending tertiary healthcare centre for routine infertility problems were randomly selected for the study. The study was approved by the Institutional Ethical Committee and each subject signed an informed consent including completing a comprehensive questionnaire concerning name, age, duration of conjugal life, socio-economic condition, lifestyle behaviour such as consumption of tobacco, alcohol, certain illicit drugs, exposure to radiation, pesticides or heavy metals etc. Information on smoking behaviour included number of cigarettes per day, years of smoking, etc. Infertile subjects smoking at least 1 to >20 cigarettes per day were categorized as active smokers and such men who did not smoke nor
The objective of the present study was to investigate semen quality of infertile smokers and non-smokers including Benzo[a]Pyrene-7,8-diol-9,10 epoxide (BPDE)-DNA adduct formation and acrosome status of sperm cells. Semen quality parameters were analyzed according to 2010 World Health Organization criteria in 122 non-smokers and 125 cigarette smokers attending tertiary health care centre in Barak Valley of Assam, India followed by BPDE-DNA adduct formation and acrosome status test. A significant decline was found in sperm concentration, progressive motility, morphology in smokers (p<0.05) in comparison to non-smokers. However, no significant difference was noted between the two groups of infertile men in terms of macroscopic parameters of semen quality, such as semen appearance, volume, liquefaction and pH, as well as sperm vitality. Formation of BPDE-DNA adducts was visible in smokers whereas acrosomal intactness was evident in non-smokers. These findings corroborate the affect of smoking on semen quality indicating its involvement in the pathophysiology of male factor infertility.
exposed to smoke in their work place were categorized as non-smokers. Subjects who were suffering from diabetes or other diseases, and/or under medication for more than a week were excluded from the study group.
Semen Analysis
Analysis of the semen samples were performed according to 2010 World Health Organization criteria (WHO, 2010). Each subject was instructed for sexual abstinence for at least 2 days before producing the semen by masturbation into a wide-mouthed sterile container labelled with the name of the subject, date and time of collection. The collected semen samples were kept at an incubator at 37ºC for liquefaction followed by semen analysis which includes macroscopic evaluation of semen parameters such as semen appearance volume, viscosity, pH, liquefaction time, and microscopic evaluation that includes concentration, progressive motility, morphology, and vitality of sperm cells (Roychoudhury et al., 2016; 2017) . Microscopic observation was carried out under appropriate magnification using phase contrast microscope (Labomed-LX 300).
BPDE-DNA Adduct Formation
Detection of BPDE-DNA adducts formation was performed by immunostaining method with modification of the process as reported earlier (Zenzes et al., 1999;  Ji et al., 2013) . Sperm cells were washed in 10 mmol/L Tris buffer followed by washing again with phosphate buffered saline (PBS) solution. The washed sample was spread onto one clean glass slide; air dried and fixed with methanol: acetic acid (3:1) overnight at −20°C. Before staining, the slides were washed with PBS treated with RNase (100μg/mL for 1 hour at 37°C). The slides were again treated with proteinase K (10 μg/mL for10 min) and washed again with PBS, incubated in 4 N HCl for 10 minutes, neutralized with 50 mmol/L Tris-base for 5 minutes, and washed with PBS. Those were again incubated with 10% goat serum for 45 minutes at 37°C followed by overnight incubation at 4°C with a mouse monoclonal primary antibody against BPDE-DNA that had been diluted 1:50 in blocking solution (5% goat serum in 10 mmol/L Trisbuffer, 0.1% Triton X-100). After washing with PBS, the slides were incubated for 45 minutes at 37°C with a secondary Alexa Fluor 488 goat antimouse IgG antibody at a dilution of 1:200. The sperm cells with BPDE-DNA adduct emitted green fluorescence.
Acrosome Status
In order to examine if B[a]P induce false acrosomal reaction, the acrosomal halo test in sperm cells was performed according the method as described by Saxena et al. (2008) and Muhkhapadhaya et al., (2010).
Semen samples were diluted in PBS:D-glucose (1:20) and equilibrated at 37°C for 30 minutes. 20µl of diluted mixture was gently smeared on gelatine coated slide and excess water was evaporated. The slides were then incubated in a humid chamber at 37°C for 120 minutes, air-dried and examined under the microscope to evaluate the percentage of spermatozoa with halos surrounding their heads.
Statistical Analysis
Data recorded in questionnaire and semen analysis report were introduced in an Excel database. Statistical analysis was done using statistical software package SPSS (version 7). Descriptive analysis was presented as Mean ± Standard Deviation (SD). Analysis of variance was performed using one-way ANOVA and reported as significant when p < 0.05.
RESULTS AND DISCUSSION
Men and women of reproductive age are highly fascinated towards smoking habit (Trummer et al., 2002) . Prenatal maternal exposure to tobacco smoke is one of the most potent predictor of poor semen quality than in adult smokers (Jensen et al. (2004) . Tobacco smoking is a huge health threat the world has been facing (WHO, 2013) which is ruthlessly affecting fecundity (Ramlau Hansen et al.,  2006) . Tobacco smoke is also known to disrupt the hypothalamic-pituitarygonadal axis thereby causing inconsistency in testicular hormones and decline in fertility potential among smokers (Ramlau Hansen et al., 2008) . In this study, a comparative analysis of semen quality among 247 infertile men of reproductive age was carried out with an intention to elucidate the impact of tobacco smoking habit on semen quality. The subjects were categorized into two groups: non-smokers (n=122), and smokers (n=125). The results indicate that tobacco has profound impact on semen quality, and thus male fertility. No significant difference (p>0.05) was noted between the groups of non-smokers and smokers in terms of macroscopic parameters of semen quality such as appearance, volume (2.50 ± 1.17 ml versus 2.45 ± 1.28 ml), pH (7.76 ± 0.81 versus 7.73 ± 0.57) and liquefaction time (26.19 ±17.2 min versus 27.65 ±17.7 min). Microscopic parameters of semen quality such as sperm concentration, motility, progressive motility, morphology, and vitality are of paramount importance to the sperm cell as they ensure capacitation, hyperactivation and subsequent fertilization. In the infertile men under study, a significant decrease was noted in the following semen quality parameters (p<0.05) in smokers in comparison to non-smokers: sperm concentration (107.6 ± 82.3 x 10 6 /ml in nonsmokers versus 84 ± 79.6 x 10 6 /ml in smokers), progressive motility (55.55 ± 54.07% in non-smokers versus 36.98 ± 38.60% in smokers), morphology (6.20 ± 5.24% in non-smokers versus 4.84 ± 4.20% in smokers) [ Figure 1 et al., 1999) . In order to further validate our study on the consequences of smoking on semen quality of infertile smoking subjects B[a]P adducts formation were investigated. Semen samples were randomly selected for the assessment of BPDE-DNA adducts formation. The results of our experiment exhibited Moderate adduct formation was also noted in non-smokers with sparingly stained sperm cells, which might be due to environmental exposure to B[a]P that is abundant in the atmosphere [ Figure 3 
CONCLUSIONS
Although literature report the adverse impact of cigarette smoking on semen quality but only few demonstrate direct negative effect on sperm concentration, progressive motility and morphology. The findings of the present study substantiate the effect of tobacco smoking on semen quality vis-a-vis male fertility. Severe BPDE-DNA adducts formation in sperm cells of infertile smokers as well as alteration of acrosome status in such men corroborate the involvement of cigarette smoking in the pathophysiology of male factor infertility.
